Background Questionnaires are often used to quantify the subjective aspects of illness such as disability, coping strategies, or symptoms of depression. Most questionnaires were validated in a paper-based format, but direct entry into a computer is becoming commonplace. The aim of this study was to assess differences in outcome of questionnaires pertinent to hand and upper extremity illness when they were administered in a computer or paper format. Methods Ninety-nine patients completed both paper and web versions of the short forms of the Disabilities of Arm, Shoulder, and Hand; the Pain Catastrophizing Scale; the Short Health Anxiety Index (SHAI-6); the Patient Health Questionnaire Depression Scale; and a pain scale and the Pain Self-Efficacy Questionnaire sequentially during a single visit. We alternated starting with the paper or the web version after every five patients. Results The cohort consisted of 46 females and 53 males with a mean age of 49 years. There were significant differences in SHAI-6 and the pain scale, but not in the other measures. The intraclass correlation was high. Conclusions The use of these questionnaires in electronic format is valid provided that the small differences we observed are not important to the primary study question. In our opinion, for most studies, the advantages of using an electronic format outweigh the small additional variation that might be introduced in the measures in an electronic format.
Introduction
Questionnaires are often used to quantify the subjective aspects of illness such as disability, coping strategies, or symptoms of depression [15, 21, 22] . Most questionnaires were validated in a paper-based format, but direct entry into a computer is becoming commonplace. Electronic questionnaires are more efficient and obviate the need for secondary data entry [19] .
Previous studies comparing paper-based and computerbased completion of questionnaires document comparable results for the SF-36 and Consumer Quality Index Breast Care questionnaire [2, 10, 23] . Ritter and colleagues documented comparable results for 16 different instruments [16] . On the other hand, some studies have found that patients assigned to computer-based questionnaires tended to have higher scores [4, 5, 7] .
In the realm of musculoskeletal illness, Shervin and collegues asked patients undergoing hip arthroplasty to complete the SF-36, EQ-5D, UCLA, WOMAC, and Harris Hip Score in touch screen, paper-based, and web-based formats and found comparable outcomes for the questionnaires in this crossover study [19] . The same was true for the SF-36 in healthy and chronic pain patients [17] . In patients with rheumatoid arthritis, small differences were found when patients completed both pen-and-paper and online version of questionnaires such as self-efficacy and pain visual analogue scale [1] .
The aim of this study was to assess differences in outcome of questionnaires pertinent to hand and upper extremity illness when they were administered in computer or paper format. Our null hypothesis was that there were no differences in the short forms of the Disabilities of Arm, Shoulder, and Hand (QuickDASH); Pain Catastrophizing Scale (PCS-6); Short Health Anxiety Index (SHAI-6); Patient Health Questionnaire Depression Scale (PHQ-2); and the Pain Self-Efficacy Questionnaire (PSEQ) and ordinal pain scale when administered web based or paper based.
Materials and Methods

Study Design
One hundred twenty-four new or follow-up patients presenting to a hand surgeon were asked to enroll in this Institutional Review Board-approved study. Twenty-four patients declined participation because of the time requirement (about 30 min total). One hundred patients were enrolled in the study in March 2012. Informed consent was obtained before enrollment in the study. One patient withdrew when he saw the amount of work required, leaving 99 patients for analysis.
Patients completed both a paper-based version and a web-based version (completed on a laptop computer) of the QuickDASH [3, 9] , the PCS-6 [20] , the SHAI-6 [18] , an ordinal pain scale, the PHQ-2 [11] [12] [13] , and the PSEQ [6, 14] questionnaires. We alternated starting with the paperbased or the web-based version of the questionnaires after every five patients. The web-based questionnaires were completed on a laptop.
The data were collected and managed using Research Electronic Data Capture (REDCap) electronic data capture tools [8] . REDCap is a secure, web-based application designed to support data capture for research studies, providing (1) an intuitive interface for validated data entry, (2) audit trails for tracking data manipulation and export procedures, (3) automated export procedures for seamless data downloads to common statistical packages, and (4) procedures for importing data from external sources.
Patient Characteristics
There were 46 women (47 %) and 53 men (53 %), with a mean age of 49 years (range, 18 to 95 years). Sixty-five percent of visits were follow-up appointments. The majority of patients were married, worked full time, and sought advice for traumatic pathology (Table 1 ). There were no significant differences between patients starting with webbased questionnaires compared to patients who started with the paper-based version ( Table 1) .
Evaluation
For more details concerning the questionnaires, we refer to an earlier work [21] . One patient did not complete the QuickDASH in both the paper-based and web-based version [3, 9] . There were four missing questions in four different patients in the web-based PSEQ; we imputed the mean of the patient's other questions for these missing questions [6, 14] .
In order to create the PCS-6, which is a shorter version of the PCS-13, we used the questions (2) "I feel I can't go on", (3) "It's terrible and I think it's never going to get any better", (6) "I become afraid that the pain may get worse", (8) "I anxiously want the pain to go away", (11) "I keep thinking about how badly I want the pain to stop", and (13) "I wonder whether something serious may happen" of the original 13-item PCS scale [20] . There was one patient who did not complete the PCS in both formats. Another patient had an invalid web-based PCS questionnaire, and we imputed the group mean for this missing value. One patient had one missing question for the web-based PCS; we imputed the mean of the patient's other questions for this missing value.
We used the following questions of the 18-item SHAI to construct the shorter version, SHAI-6: (2) "I notice aches/pains… compared to other people", (3) "As a rule I am… aware of bodily sensations or changes", (9) "If I hear about an illness I… think I have it myself", (12) "I… think I have a serious illness", (15) "If I had a serious illness I would still… to enjoy life", and (17) "A serious illness would ruin… aspect of my life" [18] . One patient did not complete the SHAI-6 in both formats. One patient had one missing question in the webbased SHAI; four patients had one missing question in the paper-based SHAI, and we imputed the mean of the patient's other questions for these five missing questions. One patient did not complete the paper version of the PHQ-2, and we imputed the mean of the group for this missing value [11] [12] [13] .
Statistical Evaluation
An a priori power analysis with two-tailed paired t test for our primary study question determined that 90 patients were needed to provide 80 % power to detect a 0.30standard deviation difference between the web-based and the paper-based version of the QuickDASH with alpha 0.05. To correct for a possible 10 % loss to follow-up, 99 patients were enrolled.
Based on our sample size, we used parametric tests for further analysis. Paired t test was used to assess differences between continuous outcomes in the questionnaires. For the baseline parameters, we used independent t tests, and chi-square test was used to assess differences between dichotomous outcomes. To measure the correlation between web-based and paper-based questionnaires, we calculated the intraclass correlation coefficient (ICC) by using a two-way random model with absolute agreement. 
Results
Differences in the Web-Based and Paper-Based Questionnaire Scores
Forty-nine patients started with the web-based questionnaires, and 50 with the paper-based format. There were small but significant differences between the mean SHAI in the web-based and the paper-based format (3.8±2.9 vs. 4.2±3.2, p=0.030) and between the mean pain scale (3.1± 2.9 vs. 2.6 ± 2.6, p = 0.007), but not between the mean QuickDASH, PHQ-2, PCS-6, and PSEQ. The ICC was highest for PCS-6 (0.97) and lowest for the PHQ-2 (0.81) ( Table 2 ).
Discussion
We rejected the null hypothesis for SHAI and the pain scale, but not for the other questionnaires. However, the differences in the mean scores of the SHAI and pain scale are small and likely clinically meaningless for most study questions. Outcomes for QuickDASH, PHQ-2, PCS-6, and PSEQ were comparable when administered in web-based or paper-based format. The ICC was high for most comparisons, which indicates a high correlation between the measures when they are administered in either web-based or paper-based format. Differences in SHAI and the pain scale were statistically significant, but small, and their influence on clinical practice seems limited. This is in line with findings in literature [1, 4, 7] .
This study has several points of limitation. We did not randomize whether the patients would start with the paperbased or web-based format of the questionnaires, but alternated after every five patients. Although this method is inferior to randomization, the cohorts were comparable. Twenty-four patients declined and one withdrew. These patients might be different from the participants, but it is a relatively small percentage and probably would not change our findings. We imputed the group mean of a questionnaire in two patients (one in each group) and used the mean of a patient's other questions when there were individual questions missing for a couple of patients. This might have influenced our results. Our data for pain was complete, but we did use imputations of the patient's other questions for the SHAI. The comparison for QuickDASH, PCS-6, and SHAI-6 were made based on 98 questionnaire pairs in 98 patients. For each of those questionnaires, the same patients did not complete both web-based and paper-based formats. We did not assess whether the patients preferred the webbased or paper-based format, and we also did not record the time necessary to complete the questionnaires. All patients completed the questionnaires at the same time, one after another, which was a practical decision. If there would be a longer timeframe between the administration time points of completion, this would have lowered the chance that patients could recall the answers. Finally, we found some small differences, but it is not possible to determine accuracy with subjective aspects of illness.
In contrast to the study of Zuidgeest and colleagues, we had more missing data in the web-based questionnaires than in the paper-based format [23] . Patients were not obligated to answer questions in the web-based format, which might be an explanation for the differences. The number of missing questions can also be related to the amount of time needed to complete all surveys since patients completed all questionnaires twice.
In line with earlier studies, we found very small differences between web-based and pen-and-paper questionnaires in most questionnaires [2, 10, 16, 19, 23] . The pain scale was higher and the SHAI-6 was lower in the electronic format. This is in contrast to other studies where, if there were differences, scores were higher in the online version [1, 4, 7] .
We interpret this data to indicate that the use of these questionnaires in electronic format is valid provided that the small differences we observed are not important to the primary study question. Web-based questionnaires are more efficient and do not require secondary data entry. In our opinion, for most studies, the advantages of using an electronic format outweigh the small additional variation that might be introduced in the measures in an electronic format.
